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SUMP PUMP SYSTEM, INCLUDING WATER
LEVEL SENSOR SHIELD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 63/221,987, filed Jul. 15, 2021, and U.S.

Provisional Application No. 63/255,238, filed Oct. 13, 2021,
the entire disclosures of which are hereby incorporated by
reference.

FIELD

The present invention relates generally to a sump pump
system and, more particularly, to a sump pump system
including a water level sensor shield.

BACKGROUND

Sump pumps are well known. Sump pumps are used to
remove water from basements and crawl spaces of buildings.
The sump pump 1s at least partially installed 1n a sump or a
sump crock. When water reaches a predetermined level 1n
the sump or the sump crock, the sump pump 1s activated and
removes water from the sump or the sump crock. Users
desire reliable sump pumps. Many difliculties can be
encountered in providing reliable sump pumps.

SUMMARY

The present invention provides a sump pump system,
including a water level sensor shield.

In an exemplary embodiment, the water level sensor
assembly for a sump pump system comprises a water level
sensor and a housing. The water level sensor 1s operable to
detect a level of water in a sump. The water level sensor
includes a transmitter and a receiver. The transmitter 1s
operable to emit light. The receiver 1s operable to receive
light. The transmitter has a transmitter exclusion zone
extending from the transmitter. The receiver has a receiver
exclusion zone extending from the receiver. The housing
includes an upper portion and a lower portion. The upper
portion 1s operable to receive the water level sensor. The
lower portion has an upper end and a lower end. The upper
end includes an upper opening. The lower end includes a
lower opening. The upper opeming 1s smaller than the lower
opening.

In an exemplary embodiment, the water level sensor
assembly for a sump pump system comprises a water level
sensor and a housing. The water level sensor 1s operable to
detect a level of water in a sump. The water level sensor
includes a transmitter and a receiver. The transmitter 1s
operable to emit light. The recetver 1s operable to receive
light. The transmitter has a transmitter exclusion zone
extending from the transmitter. The receiver has a receiver
exclusion zone extending from the receiver. The housing
includes an upper portion and a lower portion. The upper
portion 1s operable to receive the water level sensor, a seal,
and a lens. The lower portion has an upper end and a lower
end. The upper end includes an upper opening. The lower
end includes a lower opening. The upper opeming 1s smaller
than the lower opening. The seal 1s operable to seat against
the upper end of the lower portion.

In an exemplary embodiment, the water level sensor
assembly for a sump pump system comprises a water level
sensor and a housing. The water level sensor 1s operable to
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2

detect a level of water 1n a sump. The water level sensor
includes a transmitter and a receiver. The transmitter 1s

operable to emit light. The receiver 1s operable to receive
light. The transmitter has a transmitter exclusion zone
extending from the transmitter. The receiver has a receiver
exclusion zone extending from the receiver. The housing
includes an upper portion and a lower portion. The upper
portion 1s operable to receive the water level sensor. The
lower portion has an upper end and a lower end. The upper
end includes an upper opening. The lower end includes a
lower opening. The upper opening 1s smaller than the lower
opening. The lower portion has an mner surface. The 1mnner
surface of the lower portion of the housing intersects at least
one of the transmitter exclusion zone and the receiver
exclusion zone.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic 1llustration of a sump pump system,
including a primary pump and a sump pump monitor,
according to an exemplary embodiment of the present
invention;

FIG. 2 1s an 1llustration of a sump pump system, including,
a primary pump and a sump pump monitor, according to an
exemplary embodiment of the present invention;

FIG. 3 1s a schematic illustration of a sump pump system,
including a primary pump, a backup pump, and a sump
pump monitor, according to an exemplary embodiment of
the present mnvention;

FIG. 4 1s another schematic illustration of the sump pump
system, 1ncluding the primary pump and the sump pump
monitor, of FIG. 1;

FIG. 5 1s another schematic illustration of the sump pump
system, including the primary pump, the backup pump, and
the sump pump monitor, of FIG. 3;

FIG. 6 1s another schematic illustration of the sump pump
system, including the primary pump, the backup pump, and
the sump pump monitor, of FIG. 3, and further including a
trickle charger;

FIG. 7 1s a schematic illustration of exemplary threshold
water levels 1 the sump pump systems of FIGS. 1, 2, and
4;

FIG. 8 1s a schematic illustration of exemplary threshold
water levels 1n the sump pump system of FIGS. 3, 5, and 6;

FIG. 9 1s an 1illustration of an exemplary embodiment of
the sump pump monitor of FIGS. 1-6;

FIGS. 10a-10e are views of the sump pump momtor of
FIG. 9-FIG. 10a 1s a front-top perspective view, FI1G. 105 1s
a front-bottom perspective view, FIG. 10c¢ 1s a front view,
FIG. 104 1s a rear view, and FIG. 10e 1s a left side view;

FIG. 11 1s a longitudinal cross-sectional view of a water
level sensor assembly, showing a transmitter exclusion zone
extending from a transmitter of a water level sensor and a
receiver exclusion zone extending from a receiver of the
water level sensor;

FIG. 12 1s a longitudinal cross-sectional view of the water
level sensor assembly of FIG. 11, showing a reduction of
splashing on a lens for the water level sensor;

FIG. 13 15 a longitudinal cross-sectional view of the water
level sensor assembly of FIG. 11, showing an air trap created
in a lower housing below the lens for the water level sensor;

FIG. 14 1s a longitudinal cross-sectional view of the water
level sensor assembly of FIG. 11, showing a more detailed
view of certain components of the water level sensor assem-
bly:

FIGS. 15a-15¢ are views of an exemplary embodiment of
the water level sensor assembly of FIGS. 11-14-FI1G. 154 1s
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a top perspective view, FIG. 155 1s an exploded perspective
view, and FIG. 15¢ 1s an exploded side view; and

FIGS. 16a-16¢ are views of an exemplary embodiment of
a lower housing of the water level sensor assembly of FIGS.
15a-15¢-F1G. 164 15 a bottom perspective view, FIG. 165 1s
a top perspective view, FIG. 16c¢ 1s a side view, FIG. 16d 1s
another side view, and FIG. 16e 1s a longitudinal cross-
sectional view.

DETAILED DESCRIPTION

The present invention provides a sump pump system,
including a water level sensor shield.

Exemplary embodiments of a sump pump system 10,
including a sump pump monitor 12, are illustrated 1n FIGS.
1-6. FIGS. 1-3 show fluidic and electrical/electronic com-
ponents and connections of the sump pump system 10, and
FIGS. 4-6 show eclectrical/electronic components and con-
nections of the sump pump system 10.

In exemplary embodiments, the sump pump system 10
includes a sump pump. Components of the sump pump
system 10 are installed 1n and/or near a sump or a sump
crock. A sump 1s a reservolr 1n a basement or a crawl space
of a building. A sump crock 1s a receptacle that 1s sometimes
placed 1n the sump. For ease of reference, the term sump will
be used herein, regardless of whether a sump crock 1s placed
in the sump. The sump collects liquid, such as water, from
an 1nlet pipe. The sump pump 1s operable to remove water
from the sump. The sump pump 1s fluidly connected to a
discharge pipe. The discharge pipe 1s operable to carry water
from the sump pump to a storm sewer or other discharge
point.

In the 1llustrated embodiments, as shown 1n FIGS. 1-6, the
sump pump system 10 includes a primary pump 14. The
primary pump 14 1s operable to remove water from the
sump. The primary pump 14 1s fluidly connected to a
primary discharge pipe 16. Normally, the primary pump 14
operates when a water level 1n the sump reaches a primary
activation threshold level. Typically, the primary pump 14
includes a primary tloat and a primary switch (not separately
shown). When the primary tloat determines that the water
level has reached the primary activation threshold level, the
primary float triggers the primary switch, which 1n turn
activates the primary pump 14. The primary pump 14
operates and removes water from the sump through the
primary discharge pipe 16. When the primary float deter-
mines that the water level has reached a primary deactiva-
tion threshold level, the primary float triggers the primary
switch, which 1n turn deactivates the primary pump 14. The
primary pump 14 1s electrically connected to a primary
power source 18. In an exemplary embodiment, the primary
pump 14 1s AC powered, so the primary power source 18 1s
an AC outlet. Primary pumps and primary power sources are
well known 1n the art and will not be described 1n greater
detaul.

In the 1illustrated embodiments, as shown 1in FIGS. 3, 5,
and 6, the sump pump system 10 further includes a backup
pump 20. The backup pump 20 1s operable to remove water
from the sump. The backup pump 20 1s fluidly connected to
a backup discharge pipe 22. Normally, the backup pump 20
operates when the primary pump 14 1s having difliculty
maintaining the water level i the sump or has failed.
Typically, the backup pump 20 includes a backup float and
a backup switch (not separately shown). When the backup
float determines that the water level has reached a backup
activation threshold level (which 1s greater than the primary
activation threshold level), the backup float triggers the
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backup switch, which 1n turn activates the backup pump 20.
The backup pump 20 operates and removes water from the
sump through the backup discharge pipe 22. When the
backup float determines that the water level has reached the
backup deactivation threshold level, the backup float trig-
gers the backup switch, which in turn deactivates the backup
pump 20. In an exemplary embodiment, the backup pump 20
1s electrically connected to a backup power source 24.
However, one of ordinary skill in the art will appreciate that
the backup pump 20 could be electrically connected to the
primary power source 18. In an exemplary embodiment, the
backup pump 20 1s battery powered, so the backup power
source 24 1s a battery. Backup pumps and backup power
sources are well known 1n the art and will not be described
in greater detail.

When reference 1s made to one component of the sump
pump system 10 connecting to another component of the
sump pump system 10, the connection may be direct or
indirect. One of ordinary skill in the art will appreciate that
additional components may be needed 11 the connection 1s
indirect.

In the 1llustrated embodiments, as shown 1n FIGS. 7 and
8 and discussed above, when the water level 1n the sump
reaches various threshold levels, operation (1.e., activation
and deactivation) of the primary pump 14 and/or the backup
pump 20 1s triggered. Exemplary threshold levels include:
(1) the primary activation threshold level, (2) the primary
deactivation threshold level, (3) the backup activation
threshold level, and/or (4) the backup deactivation threshold
level. The primary activation threshold level 1s a level of
water 1n the sump at which the primary pump 14 activates.
The primary deactivation threshold level 1s a level of water
in the sump at which the primary pump 14 deactivates. The
primary activation threshold level 1s greater than the primary
deactivation threshold level. The backup activation thresh-
old level 1s a level of water 1n the sump at which the backup
pump 20 activates. The backup deactivation level 1s a level
of water 1n the sump at which the backup pump 20 deacti-
vates. The backup activation threshold level 1s greater than
the backup deactivation threshold level. In an exemplary
embodiment, the backup activation threshold level 1s greater
than the primary activation threshold level. In an exemplary
embodiment, the backup deactivation threshold level 1is
greater than the primary deactivation threshold level. In an
exemplary embodiment, the backup deactivation threshold
level 1s greater than the primary activation threshold level.

In the illustrated embodiments, as shown 1n FIGS. 7 and
8, when the water level in the sump reaches various thresh-
old levels, the water level 1s assigned a state. Exemplary
threshold levels include: (1) a yellow/orange threshold level,
and (2) a red threshold level. Exemplary states include: (1)
green, (2) yellow/orange, and (3) red. In exemplary embodi-
ments, the yellow/orange threshold level 1s the primary
activation threshold level plus a margin. In exemplary
embodiments, the red threshold level 1s above the yellow/
orange threshold level. In exemplary embodiments includ-
ing the backup pump 20, the red threshold level 1s the
backup activation threshold level plus a margin. In an
exemplary embodiment, the margin 1s an absolute amount
above the primary activation threshold level and/or the
backup activation threshold level (e.g., ¥4 ich). In an
exemplary embodiment, the margin 1s a percentage of the
primary activation threshold level and/or the backup acti-
vation threshold level (e.g., 10%). In exemplary embodi-
ments, when the water level 1s below the yellow/orange
threshold level, the water level 1s assigned the green state.
The green state indicates that the water 1n the sump 1s at an
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acceptable level (e.g., generally, there 1s a low risk of
flooding). In exemplary embodiments, when the water level
1s at or above the yellow/orange threshold level and below
the red threshold level, the water level 1s assigned the
yellow/orange state. The yellow/orange state indicates that
the water 1n the sump 1s above the acceptable level, may be
cause for concern, but 1s not yet at an alarming or unac-
ceptable level (e.g., generally, there 1s an increased risk of
flooding). In exemplary embodiments, when the water level
1s at or above the red threshold level, the water level 1s
assigned the red state. The red state indicates that the water
in the sump 1s at an alarming or unacceptable level (e.g.,
there 1s a high risk of flooding).

In exemplary embodiments, the sump 1s approximately
16-24 inches 1n diameter and approximately 20-36 inches
deep. In exemplary embodiments, the primary deactivation
threshold level 1s approximately 3-6 imnches above a bottom
surface of the sump, the primary activation threshold level
1s approximately 4 inches above the primary deactivation
threshold level, the backup deactivation threshold level 1s
approximately 1 inch above the primary activation threshold
level, and the backup activation threshold level 1s approxi-
mately 2-6 inches above the backup deactivation threshold
level. In exemplary embodiments, the primary discharge
pipe 16 and the backup discharge pipe 22 are approximately
8-12 feet long and have an 1nside diameter of approximately
1-/4 to 2 inches.

In an exemplary embodiment, the sump 1s approximately
18 mches 1n diameter and approximately 22 inches deep. In
the exemplary embodiment, the primary deactivation thresh-
old level 1s approximately 3 inches deep (1.e., approximately
3 inches above the bottom surface of the sump), the primary
activation threshold level 1s approximately 7 inches deep
(1.e., approximately 4 inches above the primary deactivation
threshold level), the backup deactivation threshold level 1s
approximately 8 inches deep (1.e., approximately 1 inch
above the primary activation threshold level), and the
backup activation threshold level 1s approximately 12 inches
deep (1.e., approximately 4 inches above the backup deac-
tivation threshold level). In the exemplary embodiment, the
yellow/orange threshold level 1s approximately 7-V4 inches
deep (1.e., approximately Y4 inch above the primary activa-
tion threshold level), and the red threshold level 1s approxi-
mately 12-V4 inches deep (1.¢., approximately 4 inch above
the backup activation threshold level). In the exemplary
embodiment (where the sump 1s approximately 18 inches 1n
diameter), every 1 inch of water 1s approximately 1 gallon
of water 1n the sump. In the exemplary embodiment, the
primary discharge pipe 16 and the backup discharge pipe 22
are approximately 10 feet long and have an 1nside diameter
of approximately 1-14 inches.

In an exemplary embodiment, the sump 1s approximately
24 inches in diameter and approximately 30 inches deep. In
the exemplary embodiment, the primary deactivation thresh-
old level 1s approximately 6 inches deep (1.e., approximately
6 inches above the bottom surface of the sump), the primary
activation threshold level 1s approximately 10 inches deep
(1.e., approximately 4 inches above the primary deactivation
threshold level), the backup deactivation threshold level 1s
approximately 11 inches deep (1.e., approximately 1 inch
above the primary activation threshold level), and the
backup activation threshold level 1s approximately 17 inches
deep (1.e., approximately 6 inches above the backup deac-
tivation threshold level). In the exemplary embodiment, the
yellow/orange threshold level 1s approximately 10-V4 inches
deep (1.e., approximately Y4 inch above the primary activa-
tion threshold level), and the red threshold level 1s approxi-
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mately 17-%4 inches deep (1.e., approximately %4 inch above
the backup activation threshold level). In the exemplary
embodiment (where the sump 1s approximately 24 inches 1n
diameter), every 1 inch of water 1s approximately 2 gallons
of water 1n the sump. In the exemplary embodiment, the
primary discharge pipe 16 and the backup discharge pipe 22
are approximately 12 feet long and have an 1nside diameter
of approximately 1-%4 inches.

In the illustrated embodiments, as shown in FIGS. 1-6 and
9-10e, the sump pump system 10 includes a water level
sensor 26 (to be described 1n detail below), the sump pump
monitor 12, and a user input/output module 28.

Exemplary embodiments of the sump pump monitor 12
are shown 1n FIGS. 1-6 and 9-10e¢. In the illustrated embodi-
ments, the sump pump monitor 12 1s operable to mount and
clectrically connect to the primary power source 18. In the
illustrated embodiments, the primary pump 14 1s operable to
clectrically connect to the sump pump monitor 12. In the
illustrated embodiments, the sump pump monitor 12
includes a front side and a rear side. The front side 1is
opposite the rear side. In the i1llustrated embodiments, the
front side includes an electrical outlet 12¢ and a light
emitting diode (“LED”) 12b. In the 1llustrated embodiments,
a power cord of the primary pump 14 plugs into the
clectrical outlet 12a¢ on the front side. In an exemplary
embodiment, the front side 1includes a display 1n place of or
in addition to the LED 1254. In the illustrated embodiments,
the rear side includes an electrical plug 12¢ and a battery
compartment 124. In the 1llustrated embodiments, the sump
pump monitor 12 includes a top side and a bottom side. The
top side 1s opposite the bottom side. In the illustrated
embodiments, the bottom side includes electrical connec-
tions. In the illustrated embodiments, the electrical connec-
tions mclude a USB-A port 12¢, an RJ45 port 12/, and a 3.5
mm audio jack 12g. In the illustrated embodiments, a
power/communication cord of the water level sensor 26
plugs into the USB-A port 12¢ on the bottom side.

In the illustrated embodiments, as shown 1n FIGS. 4-6, the
sump pump monitor 12 mncludes a number of electronic
components. These components control the operation and/or
the monitoring of the sump pump system 10, including the
primary pump 14 and/or the backup pump 20. In the
illustrated embodiments, the sump pump monitor 12
includes a pump parameter sensor 30, a clock/timer 32, and
a printed circuit board (“PCB”) 34. In the 1llustrated embodi-
ments, a number of electronic components are mounted on
the PCB 34, including, but not limited to, a processor 36,
memory 38, a wireless communication chip or module 40,
and a power port 42.

In exemplary embodiments, the pump parameter sensor
30 1s operable to detect a parameter relating to operation of
the primary pump 14. In exemplary embodiments, the pump
parameter sensor 30 1s operable to detect at least one of
current, voltage, vibration, and noise. In exemplary embodi-
ments, the pump parameter sensor 30 1s a pump current
sensor and 1s operable to detect whether current 1s flowing
to the primary pump 14. In exemplary embodiments, the
parameter detected by the pump parameter sensor 30 1s used
to determine whether the primary pump 14 1s running.

In an exemplary embodiment, the pump current sensor 1s
the ACS716 current sensor made by Allegro Microsystems.
The ACS716 current sensor 1s described 1n detail 1n
ACS716-DS, Rev. 9, MCO-0000201 dated Feb. 3, 2020,
which 1s available on the Allegro Microsystems web site
(www.allegromicro.com) at  https://www.allegromicro-
com/-/media/files/datasheets/acs716-datasheet.ashx, and

which 1s hereby incorporated by reference. Additional docu-
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mentation regarding the ACS716 current sensor 1s available
on the Allegro Microsystems web site at https://www.alle-
gromicro.com’/en/products/sense/current-sensor-1cs/ zero-to-
fifty-amp-integrated-conductor-sensor-ics/acs716 and
https://www.allegromicro.com/en/products/sense/current-
sensor-1cs/zero-to-fifty-amp-integrated-conductor-sensor-
ics/acs’/16/allegro-acs’/16-tully-integrated-current-sensor-
ics-for-use-in-3_3-v-applications.

Although the sump pump system 10 has been described as
including the water level sensor 26 and the pump parameter
sensor 30, one of ordinary skill 1n the art will appreciate that,
in certain embodiments, the sump pump system 10 could
include other sensors. Additionally, although the sump pump
monitor 12 has been described as including the pump
parameter sensor 30, one of ordinary skill in the art waill
appreciate that, 1n certain embodiments, the pump parameter
sensor 30 could be in other locations 1n the sump pump
system 10 (e.g., the pump parameter sensor 30 could be
attached to the primary pump 14).

In exemplary embodiments, the clock/timer 32 1s operable
to provide a date and a time of an action or to measure time
intervals. For example, the clock/timer 32 can determine
when the primary pump 14 activated/deactivated and how
long the primary pump 14 operated. In exemplary embodi-
ments, the processor 36 includes an internal clock/timer.
Any timing of actions or steps described herein could be
provided by the clock/timer 32 or the internal clock/timer of
the processor 36. Clock/timers are well known 1n the art and
will not be described 1n greater detail.

In exemplary embodiments, the processor 36 1s operable
to receive signals from and sends signals to components of
the sump pump system 10 to control the operation and/or the
monitoring of the sump pump system 10, including the
primary pump 14 and/or the backup pump 20. For example,
the processor 36 1s operable to receive signals from the
sensors (e.g., the water level sensor 26 and the pump
parameter sensor 30), the user mput/output module 28, and
other components of the sump pump system 10 and sends
signals to the primary pump 14, the user input/output
module 28, and other components of the sump pump system
10 to control the operation and/or the monitoring of the
sump pump system 10, including the primary pump 14
and/or the backup pump 20. In exemplary embodiments, the
memory 38 1s operable to save information received from
components of the sump pump system 10. In exemplary
embodiments, the wireless communication chip or module
40 1s operable to control wireless communication between
components of the sump pump system 10. In exemplary
embodiments, the power port 42 1s operable to provide
power to components of the sump pump system 10.

In the illustrated embodiments, as shown in FIGS. 1 and
3-6, the sump pump system 10 includes a system provider
cloud server 44 and a third party cloud server 46. The system
provider cloud server 44 could be hosted by a system
provider (such as a sump pump system manufacturer), and
the third party cloud server 46 could be hosted by a third
party (such as Amazon, Google, HomeKit, and IFTTT). In
the illustrated embodiments, each of the system provider
cloud server 44 and the third party cloud server 46 includes
a processor 44a, 46a and memory 44b, 46b. The signals
received from and sent to components of the sump pump
system 10 to control the operation and/or the monitoring of
the sump pump system 10 can be recerved from and sent to
the processor 44a in the system provider cloud server 44
and/or the processor 46a in the third party cloud server 46
in addition to or alternatively to the processor 36 in the sump
pump monitor 12. Stmilarly, the information recerved from
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components of the sump pump system 10 can be saved in the
memory 445 1n the system provider cloud server 44 and/or
the memory 465 1n the third party cloud server 46 1n addition
to or alternatively to the memory 38 in the sump pump
monitor 12. Further, the information received from compo-
nents of the sump pump system 10 can be saved in the user
input/output module 28 (where the user input/output module
28 1includes memory, such as Apple 1Phone and Google
Android).

As used herein, unless stated otherwise, “processor”
includes any one or more of the processor 36 1n the sump
pump monitor 12, the processor 44a in the system provider
cloud server 44, and the processor 46a in the third party
cloud server 46. Similarly, as used herein, unless stated
otherwise, “memory” imcludes any one or more of the
memory 38 1n the sump pump monitor 12, the memory 445
in the system provider cloud server 44, the memory 465 1n
the third party cloud server 46, and the memory 1n the user
input/output module 28.

In exemplary embodiments, the user input/output module
28 1s operable to recerve mput (e.g., mformation and/or
instructions) from a user, provide the mnput to components of
the sump pump system 10 (e.g., the processor), receive
output (e.g., information and/or notifications) from compo-
nents of the sump pump system 10 (e.g., the processor), and
display the output to the user. In exemplary embodiments,
the user mput/output module 28 1s operable to receive mput
from the user and send signals to the processor to control the
operation and/or the monitoring of the sump pump system
10. Additionally, the user input/output module 28 1s operable
to receive signals from the processor and display output to
the user. The user 1input/output module 28 can send signals
to and receive signals from the processor directly and/or
indirectly (e.g., through other components of the sump pump
system 10 and/or through other components outside of the
sump pump system 10).

The user input/output module 28 can include any device
that enables 1nput from the user and/or output to the user. In
exemplary embodiments, the user mput/output module 28
includes electronic input/output device(s) 48 and manual
input/output device(s) 50. Exemplary electronic input/out-
put devices 48 include mobile devices, smart hubs, touch
screen devices, and push button devices. Exemplary mobile
devices include Apple 1Phone and Google Android. Exem-
plary smart hubs include Amazon Echo, Apple HomePod,
and Google Nest. Exemplary manual mput/output devices
50 1nclude handles and joysticks.

In exemplary embodiments, the user input/output module
28 includes a mobile device 52 that can be held and/or
moved by the user and a smart hub 34 that can be held and/or
moved by the user. However, one of ordinary skill in the art
will appreciate that the user mput/output module 28 could
include any number of devices, and each device of the user
input/output module 28 could include any number of com-
ponents. Moreover, one of ordmary skill in the art will
appreciate that each device of the user input/output module
28 could be 1n any location where 1t can, at some point 1n
time, send signals to and/or receive signals from other
components of the sump pump system 10 (e.g., the proces-
sor), or each device of the user input/output module 28 could
be integrally formed with or physically connected to other
components of the sump pump system 10 (e.g., the sump
pump monitor 12).

In exemplary embodiments, some components of the
sump pump system 10 are connected to each other via a
wireless communication connection or network interface 56,
while other components of the sump pump system 10 are
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connected to each other via a wired communication con-
nection or network interface 58. In exemplary embodiments,
some components of the sump pump system 10 are operable

to send signals to and/or receive signals from each other via
the wireless communication connection or network interface 5
56, while other components of the sump pump system 10 are
operable to send signals to and/or receive signals from each
other via the wired communication connection or network
interface 58.

One of ordinary skill in the art will appreciate that each 10
component of the sump pump system 10 could be connected
to each other component of the sump pump system 10 and
send signals to and/or receive signals from each other
component of the sump pump system 10 via any one type or
combination of types of wireless communication 15
connection(s) or network interface(s) 56 and/or wired com-
munication connection(s) or network interface(s) 58. Fur-
ther, one of ordinary skill in the art will appreciate that the
wireless communication connection or network interface 56
and/or the wired communication connection or network 20
interface 38 could be direct or indirect (e.g., via a router or
a network hub). Moreover, one of ordinary skill in the art
will appreciate that the wireless communication connection
or network interface 36 could include any one type or any
combination of different types of wireless communication 25
connection(s) or network interface(s), including, but not
limited to, Wi-F1, Bluetooth, cellular, near field communi-
cation (NFC), Zigbee, Z-Wave and Thread.

In the illustrated embodiments, as shown in FIGS. 1 and
3-6, some components of the user input/output module 28 30
(¢.g., the mobile devices and the smart hubs) are connected
to other components of the sump pump system 10 (e.g., the
processor) via the wireless communication connection or
network interface 56, while other components of the user
input/output module 28 (e.g., the touch screen devices and 35
the push button devices) are connected to other components
of the sump pump system 10 (e.g., the processor) via the
wired communication connection or network interface 38. In
the 1llustrated embodiments, as shown 1n FIGS. 1 and 3-6,
some components of the user input/output module 28 (e.g., 40
the mobile devices and the smart hubs) are operable to send
signals to and/or receive signals from other components of
the sump pump system 10 (e.g., the processor) via the
wireless communication connection or network interface 56,
while other components of the user input/output module 28 45
(e.g., the touch screen devices and the push button devices)
are operable to send signals to and/or receive signals from
other components of the sump pump system 10 (e.g., the
processor) via the wired communication connection or net-
work interface 58. 50

For example, in the illustrated embodiments, as best
shown 1n FIGS. 1 and 3, the mobile device 52 and the smart
hub 54 are connected to the sump pump monitor 12 via the
wireless communication connection or network interface 56.

As stated above, this wireless communication connection or 55
network interface 56 could be direct or indirect. In the
illustrated embodiments, as best shown 1n FIGS. 1 and 3, the
mobile device 52 and the smart hub 54 are connected to the
sump pump monitor 12 via the system provider cloud server
44 and/or the third party cloud server 46 (1.e., the wireless 60
communication connection or network interface 56 1s indi-
rect). In the illustrated embodiments, as best shown 1n FIGS.
1 and 3, the mobile device 52 and the smart hub 54 are
connected to the sump pump monitor 12 via multiple
different wireless communication connections or network 65
interfaces 56 to provide redundancy in the event of a failure
of one of the wireless communication connections or net-
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work interfaces 56. As stated above, each of these wireless
communication connections or network interfaces 56 could
be direct or indirect.

As stated above, one of ordinary skill in the art will
appreciate that each component of the user input/output
module 28 could be connected to each other component of
the sump pump system 10 (e.g., the processor) and send
signals to and/or receive signals from each other component
of the sump pump system 10 (e.g., the processor) via any one
type or combination of different types of wireless commu-
nication connection(s) or network interface(s) 56 and/or
wired communication connection(s) or network interface(s)
58. Further, one of ordinary skill in the art will appreciate
that the wireless communication connection or network
interface 36 and/or the wired communication connection or
network interface 58 could be direct or indirect (e.g., via a
router or a network hub). Moreover, one of ordinary skill in
the art will appreciate that the wireless communication
connection or network interface 56 could include any one
type or any combination of different types of wireless
communication connection(s) or network interface(s),
including, but not limited to, Wi-Fi1, Bluetooth, cellular, near
field communication (NFC), Zighee, Z-Wave, and Thread.

In the 1llustrated embodiments, as shown 1n FIGS. 1 and
3-6, the system provider cloud server 44 and the third party
cloud server 46 are connected to other components of the
sump pump system 10 (e.g., the processor 36) via the
wireless communication connection or network interface 56.
In the i1llustrated embodiments, as shown in FIGS. 1 and 3-6,
the system provider cloud server 44 and the third party cloud
server 46 are operable to send signals to and/or receive
signals from other components of the electronic plumbing
system (e.g., the processor 36) via the wireless communi-
cation connection or network interface 56.

As stated above, one of ordinary skill in the art will
appreciate that the system provider cloud server 44 and the
third party cloud server 46 could be connected to other
components of the sump pump system 10 (e.g., the proces-
sor) and send signals to and/or receive signals from other
components of the sump pump system 10 (e.g., the proces-
sOr) via any one type or combination of different types of
wireless communication connection(s) or network
interface(s) 56 and/or wired communication connection(s)
or network interface(s) 58. Further, one of ordinary skill 1n
the art will appreciate that the wireless communication
connection or network interface 56 and/or the wired com-
munication connection or network interface 38 could be
direct or indirect (e.g., via a router or a network hub).
Moreover, one of ordinary skill in the art will appreciate that
the wireless communication connection or network interface
56 could include any one type or any combination of
different types of wireless communication connection(s) or
network interface(s), including, but not limited to, Wi-Fi,
Bluetooth, cellular, near field communication (NFC), Zig-
bee, Z-Wave, and Thread.

In the illustrated embodiments, as shown 1in FIGS. 1-6 and
10, the sensors (e.g., the water level sensor 26 and the pump
parameter sensor 30) are connected to the sump pump
monitor 12 (and, thus, the processor 36) via the wired
communication connection or network interface 58. In the
illustrated embodiments, as shown in FIGS. 1-6 and 10, the
sensors (e.g., the water level sensor 26 and the pump
parameter sensor 30) are operable to send signals to and/or
receive signals from the sump pump momtor 12 (and, thus,
the processor 36) via the wired communication connection
or network interface 38.
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In the 1llustrated embodiments, as shown in FIGS. 1-5, the
primary power source 18 1s operable to provide power to
clectrical/electronic components of the sump pump system
10, including the primary pump 14, and the backup power
source 24 1s operable to provide power to the backup pump
20. In the illustrated embodiment, as shown in FIG. 6, the
primary power source 18 1s operable to provide power to
clectrical/electronic components of the sump pump system
10, including the primary pump 14 and the backup pump 20,
and the backup power source 24 1s also operable to provide
power to the backup pump 20. In the illustrated embodi-
ments, the primary power source 18 1s operable to mount in
a wall or other mounting surface near the sump. In the
illustrated embodiments, the primary power source 18 1is
connected to the sump pump monitor 12, and thus the
primary pump 14 (and the backup pump 20 when the
primary power source 18 provides power to the backup
pump 20), via the wired communication connection or
network interface 38.

In the illustrated embodiments, the primary power source
18 includes AC power. In the illustrated embodiments, the
backup power source 24 i1s operable to mount on a floor or
other mounting surface near the sump. In the illustrated
embodiments, the backup power source 24 1s connected to
the backup pump 20 via the wired communication connec-
tion or network interface 58. In the illustrated embodiments,
the backup power source 24 includes battery power.

As stated above, one of ordinary skill in the art waill
appreciate that the sensors (e.g., the water level sensor 26
and the pump parameter sensor 30) and the power sources
(e.g., the primary power source 18 and/or the backup power
source 24) could be connected to the sump pump monitor 12
and/or other components of the sump pump system 10 (e.g.,
the processor) and send signals to and/or receirve signals
from the sump pump monitor 12 and/or other components of
the sump pump system 10 (e.g., the processor) via any one
type or combination of different types of wireless commu-
nication connection(s) or network interface(s) 56 and/or
wired communication connection(s) or network interface(s)
58. Further, one of ordinary skill in the art will appreciate
that the wireless communication connection or network
interface 36 and/or the wired communication connection or
network interface 58 could be direct or indirect (e.g., via a
router or a network hub). Moreover, one of ordinary skill in
the art will appreciate that the wireless communication
connection or network interface 56 could include any one
type or any combination of different types ol wireless
communication connection(s) or network interface(s),
including, but not limited to, Wi-Fi1, Bluetooth, cellular, near
field communication (NFC), Zigbee, Z-Wave, and Thread.

In the illustrated embodiment, as shown 1n FIG. 6, the
sump pump system 10 includes a trickle charger 60 for the
backup power source 24. The trickle charger 60 1s electri-
cally connected to the backup power source 24. In the
illustrated embodiment, the trickle charger 60 1s electrically
connected to the sump pump monitor 12.

In an exemplary embodiment, the sump pump system 10
1s 1nstalled. The installation includes installing a primary
check valve 62 in the primary discharge pipe 16. Addition-
ally, 11 the sump pump system 10 includes a backup pump
20, the installation 1includes 1nstalling a backup check valve
64 1n the backup discharge pipe 22.

In exemplary embodiments, as shown i FIGS. 1-6,
during operation of the sump pump system 10 using the
water level sensor 26, the water level sensor 26 detects the
level of water in the sump. The water level sensor 26 sends
a signal to the processor 36 1n the sump pump monitor 12 via
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the wired communication connection or network interface
58. The processor 36 in the sump pump monitor 12 receives
the signal from the water level sensor 26. The processor 36
in the sump pump monitor 12 appropriately controls the
operation and/or the monitoring of the sump pump system
10.

In exemplary embodiments, as shown in FIGS. 4-6,
during operation of the sump pump system 10 using the
pump parameter sensor 30, the pump parameter sensor 30
detects the parameter relating to the operation of the primary
pump 14. The pump parameter sensor 30 sends a signal to
the processor 36 1n the sump pump monitor 12 via the wired
communication connection or network interface 358. The
processor 36 in the sump pump monitor 12 receives the
signal from the pump parameter sensor 30. The processor 36
in the sump pump monitor 12 appropriately controls the
operation and/or the monitoring of the sump pump system
10.

In exemplary embodiments, as best shown in FIGS. 1 and
3, during operation of the sump pump system 10 using the
mobile device 52, the user receives output via the mobile
device 52 (e.g., the user receives information and/or notifi-
cations on the mobile device 52). The processor 36 in the
sump pump momtor 12 sends a signal to the processor 44a
in the system provider cloud server 44 via the wireless
communication connection or network interface 56. The
processor 44a 1n the system provider cloud server 44
receives the signal from the processor 36 1n the sump pump
monitor 12 and sends a signal to the mobile device 52 via the
wireless communication connection or network interface 56.
The mobile device 52 receives the signal from the processor
44a 1n the system provider cloud server 44 and conveys to
the user the information and/or notifications regarding the
operation and/or the monitoring of the sump pump system
10 (e.g., displays to the user the mformation and/or notifi-
cations).

In exemplary embodiments, as best shown in FIGS. 1 and
3, during operation of the sump pump system 10 using the
smart hub 34, the user recerves output via the smart hub 54
(e.g., the user recerves information and/or notifications from
the smart hub 54). The processor 36 1n the sump pump
monitor 12 sends a signal to the processor 44a 1n the system
provider cloud server 44 via the wireless communication
connection or network interface 56. The processor 44a 1n the
system provider cloud server 44 receives the signal from the
processor 36 1n the sump pump monitor 12 and sends a
signal to the processor 46a in the third party cloud server 46
via the wireless communication connection or network
interface 56. The processor 46a in the third party cloud
server 46 recerves the signal from the processor 44a in the
system provider cloud server 44 and sends a signal to the
smart hub 54 via the wireless communication connection or
network interface 56. The smart hub 54 receives the signal
from the processor 464 1n the third party cloud server 46 and
conveys to the user the information and/or noftifications
regarding the operation and/or the monitoring of the sump
pump system 10 (e.g., speaks to the user the information
and/or notifications).

In exemplary embodiments, as best shown in FIGS. 1 and
3, during operation of the sump pump system 10 using the
mobile device 52, the user enters input via the mobile device
52 (e.g., the user presses a button on the mobile device 52).
The mobile device 52 receives the mput from the user and
sends a signal to the processor 44a 1n the system provider
cloud server 44 via the wireless communication connection
or network interface 56. The processor 44a in the system
provider cloud server 44 receives the signal from the mobile
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device 52 and sends a signal to the processor 36 in the sump
pump monitor 12 via the wireless communication connec-
tion or network interface 56. The processor 36 1n the sump
pump monitor 12 recerves the signal from the processor 444
in the system provider cloud server 44. The processor 36 1n
the sump pump momtor 12 appropriately controls the opera-
tion and/or the monitoring of the sump pump system 10.

In exemplary embodiments, as best shown i FIGS. 1 and
3, during operation of the sump pump system 10 using the
smart hub 34, the user enters input via the smart hub 54 (e.g.,
the user states a command to the smart hub 354). The smart
hub 54 receives the input from the user and sends a signal
to the processor 46a 1n the third party cloud server 46 via the
wireless communication connection or network interface 56.
The processor 46a 1n the third party cloud server 46 receives
the signal from the smart hub 34 and sends a signal to the
processor 44a 1n the system provider cloud server 44 via the
wireless communication connection or network interface 36.
The processor 44a 1n the system provider cloud server 44
receives the signal from the processor 46a 1n the third party
cloud server 46 and sends a signal to the processor 36 1n the
sump pump monitor 12 via the wireless communication
connection or network interface 56. The processor 36 in the
sump pump monitor 12 recerves the signal from the proces-
sor 44a 1n the system provider cloud server 44. The proces-
sor 36 1n the sump pump monitor 12 appropriately controls
the operation and/or the monitoring of the sump pump
system 10.

Water Level Sensor Assembly, Including Water Level Sen-
sor and Shield

In the 1llustrated embodiments, as shown 1n FIGS. 11-15¢,
a water level sensor assembly 66 includes the water level
sensor 26, a printed circuit board (“PCB”) 68, a lens 70, a
USB cable and connector 72, a strain relief mechanism 74,
and a housing 76. In the illustrated embodiments, the
housing 76 includes an upper outer housing 78, a mounting
bracket 80, an upper 1nner housing 82, and a lower housing
84. Additionally, 1n the illustrated embodiments, the water
level sensor assembly 66 includes multiple seals. More
specifically, in the 1llustrated embodiments, the water level
sensor assembly 66 i1ncludes an upper O-ring 86, a lower
O-ring 88, and a grommet 90.

In exemplary embodiments, the water level sensor 26 1s
operable to detect the level of water in the sump. The
operation of the water level sensor 26 1s distinguished from
the operation of the primary float 1n the primary pump 14
and the backup float 1n the backup pump 20. As discussed
above, when the primary/backup float determines that the
water level has reached the primary/backup activation
threshold level, the primary/backup float triggers the pri-
mary/backup switch, which 1n turn activates the primary
pump 14/backup pump 20. The water level detected by the
water level sensor 26 will be used by the sump pump system
10.

In exemplary embodiments, the water level sensor 26 1s
operable to be mounted above the sump, e.g., on one of the
primary discharge pipe 16 and the backup discharge pipe 22.
In the 1llustrated embodiments, the water level sensor 26 1s
operable to be mounted on the primary discharge pipe 16.
However, one of ordinary skill in the art will appreciate that
the water level sensor 26 can be mounted 1n any location
where 1t can detect the level of water in the sump (1.e., where
it has a line of sight to the water 1n the sump).

In exemplary embodiments, the water level sensor 26
includes an emitter or transmitter 92 and a collector or
receiver 94. In the illustrated embodiments, as best shown 1n
FIGS. 11 and 14, the transmitter 92 1s on the right, and the
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receiver 94 1s on the left. The transmitter 92 1s operable to
emit light, and the receiver 94 1s operable to receive light.
The transmitter 92 has a transmitter exclusion cone or zone
96 that extends from the transmitter 92. In an exemplary
embodiment, an opening angle of the transmitter exclusion
zone 96 1s approximately thirty-five degrees (35°). The
receiver 94 has a receiver exclusion cone or zone 98 that
extends from the receiver 94. In an exemplary embodiment,
an opening angle of the receiver exclusion zone 98 1is
approximately twenty-five degrees (25°). However, one of
ordinary skill in the art will appreciate that the opening angle
of the transmitter exclusion zone 96 and/or the opening
angle of the receiver exclusion zone 98 could be smaller or
larger.

In exemplary embodiments, the water level sensor 26 1s a
time of thght (““ToF”) sensor. In an exemplary embodiment,
the water level sensor 26 1s the VL53L0X ToF sensor made
by STMicroelectronics. The VL33L0X ToF sensor 1s
described 1n detail in DoclD029104 Rev 2 dated April 2018
and DoclID029711 Rev 3 dated November 2018, both of
which are available on the STMicroelectronics web site
(www.st.com) at https://www.st.com/resource/en/datasheet/
v13310x.pdf and https://www.st.com/resource/en/applica-
tionnote/dm00326504-v15310x-ranging-module-cover-
window-guidelines-stmicroelectronics.pdf, respectively,
and both of which are hereby incorporated by reference.
Additional documentation regarding the VL33L0X ToF sen-
sor 1s available on the STMicroelectronics web site at
https://www.st.com/en/imaging-and-photonics-solutions/
v13310x.html #documentation. However, one of ordinary
skill 1n the art will appreciate that the water level sensor 26
could be any type of electronic sensor that can determine the
level of water 1n the sump.

In exemplary embodiments, the PCB 68 1s operable to
have electronic components mounted thereon. In the illus-
trated embodiments, the water level sensor 26 1s mounted on
the PCB 68.

In the illustrated embodiments, the lens 70 1s operable to
provide protection for the water level sensor 26. In an
exemplary embodiment, the lens 70 1s made from a plastic.
In an exemplary embodiment, the lens 70 1s made from
acrylic.

In the illustrated embodiments, the USB cable and con-
nector 72 1s operable to electrically connect the water level
sensor 26 to the sump pump monitor 12.

In the 1llustrated embodiments, the strain relief mecha-
nism 74 1s operable to provide strain relief for the USB cable
and connector 72. In the 1llustrated embodiments, the strain
reliel mechanism 74 1s a zip tie.

In the illustrated embodiments, the upper outer housing
78 1s operable to provide protection for the PCB 68, the
water level sensor 26, and the lens 70. In an exemplary
embodiment, the upper outer housing 78 1s made from a
plastic. In an exemplary embodiment, the upper outer hous-
ing 78 1s made from nylon 12.

In exemplary embodiments, the mounting bracket 80 1s
operable to mount the water level sensor assembly 66 above
the sump. In the illustrated embodiments, the mounting
bracket 80 1s operable to mount the water level sensor
assembly 66 on one of the primary discharge pipe 16 and the
backup discharge pipe 22. In an exemplary embodiment, the
mounting bracket 80 i1s integrally formed with the upper
outer housing 78. However, one of ordinary skill in the art
will appreciate that the mounting bracket 80 could be
separately formed from the upper outer housing 78 or could
be mntegrally formed with another component of the water
level sensor assembly 66. In an exemplary embodiment, the
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mounting bracket 80 1s made from a plastic. In an exemplary
embodiment, the mounting bracket 80 1s made from nylon

12.

In the illustrated embodiments, the upper inner housing,
82 1s operable to retain the lower O-ring 88, the PCB 68, the
water level sensor 26, the grommet 90, and the lens 70
against the lower housing 84. In an exemplary embodiment,
the upper inner housing 82 is separately formed from the
upper outer housing 78. However, one of ordinary skill in
the art will appreciate that the upper inner housing 82 could
be integrally formed with the upper outer housing 78 or
could be integrally formed with another component of the
water level sensor assembly 66. In an exemplary embodi-
ment, the upper inner housing 82 is made from a plastic. In
an exemplary embodiment, the upper inner housing 82 is
made from an acetal copolymer grade M90.

In the illustrated embodiments, the upper O-ring 86 1s
located and operable to provide sealing between the upper
outer housing 78 and the upper mner housing 82. In the
illustrated embodiments, the lower O-ring 88 1s located and
operable to provide sealing between the upper inner housing
82 and the lower housing 84. In exemplary embodiments,
the upper O-ring 86 and the lower O-ring 88 are made from
a rubber. In the 1llustrated embodiments, the grommet 90 1s
located and operable to provide sealing between the PCB 68
and the lower housing 84. In an exemplary embodiment, the
grommet 90 1s made from a polymer. In an exemplary
embodiment, the grommet 90 1s made from a thermoplastic
clastomer (““TPE”).

In exemplary embodiments, the lower housing 84 1s
operable to provide protection for the water level sensor 26
and, thus, improve performance of the water level sensor 26.
In exemplary embodiments, as best shown 1n FIG. 12, the
lower housing 84 1s operable to reduce splashing on the lens
70. In exemplary embodiments, as best shown 1 FIG. 13,
the lower housing 84 1s operable to create an air trap to
prevent water from reaching the lens 70. In exemplary
embodiments, as best shown in FIGS. 11-14, the lower
housing 84 1s operable to reduce ambient light reaching the
water level sensor 26.

In the illustrated embodiments, as best shown 1n FIGS.
16a-16¢, the lower housing 84 includes an upper portion
100, a flange 102, and a lower portion 104.

In the 1llustrated embodiments, the upper portion 100 of
the lower housing 84 1s generally cylindrical shaped. In the
illustrated embodiments, the upper portion 100 of the lower
housing 84 1s operable to receive the lens 70, the grommet
90, the water level sensor 26, the lower O-ring 88, and the
upper 1nner housing 82. In the illustrated embodiments, the
upper portion 100 of the lower housing 84 1s operable to be
received 1n the upper outer housing 78. In the illustrated
embodiments, as best shown 1n FIG. 16¢, the upper portion
100 of the lower housing 84 includes an upper internal
shoulder 106, a middle internal shoulder 108, and a lower
internal shoulder 110. In the illustrated embodiments, the
lower O-ring 88 1s operable to seat against the upper internal
shoulder 106, and the lens 70 and the grommet 90 are
operable to seat against the lower internal shoulder 110. In
the illustrated embodiments, the PCB 68 (with the water
level sensor 26 mounted thereon) 1s operable to be seated
between the lower O-ring 88 and the grommet 90.

In the illustrated embodiments, the tflange 102 extends
outwardly between the upper portion 100 and the lower
portion 104 of the lower housing 84. In the illustrated
embodiments, the upper outer housing 78 1s operable to be
mounted above an upper surface 112 of the flange 102.
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In the illustrated embodiments, the lower portion 104 of
the lower housing 84 has an upper end 114 and a lower end
116. In the 1llustrated embodiments, the upper end 114 of the
lower portion 104 includes an upper opening 118, and the
lower end 116 of the lower portion 104 includes a lower
opening 120. In the illustrated embodiments, the upper
opening 118 i1s smaller than the lower opening 120. In the
illustrated embodiments, the lower portion 104 of the lower
housing 84 has an inner surface 122 and an outer surface
124. In exemplary embodiments, the inner surface 122 of the
lower portion 104 tapers outwardly from the upper end 114
to the lower end 116. In exemplary embodiments, the taper
of the inner surface 122 of the lower portion 104 1s constant.

In the illustrated embodiments, the lower portion 104 of
the lower housing 84 1s generally frustoconical shaped. In an
exemplary embodiment, an opening angle of the lower
portion 104 of the lower housing 84 1s between approxi-
mately one degree (1°) and twenty-five degrees (25°), inclu-
sive. In an exemplary embodiment, the opening angle of the
lower portion 104 of the lower housing 84 1s between
approximately five degrees (5°) and twenty degrees (20°),
inclusive. In an exemplary embodiment, the opening angle
of the lower portion 104 of the lower housing 84 1s between
approximately ten degrees (10°) and twenty degrees (20°),
inclusive. In an exemplary embodiment, the opening angle
of the lower portion 104 of the lower housing 84 1s between
approximately twelve degrees (12°) and eighteen degrees
(18°), inclusive. In an exemplary embodiment, the opening
angle of the lower portion 104 of the lower housing 84 is
approximately ten degrees (10°). In an exemplary embodi-
ment, the openming angle of the lower portion 104 of the
lower housing 84 1s approximately fifteen degrees (15°).

In an exemplary embodiment, the lower portion 104 of the
lower housing 84 intersects at least one of the transmitter
exclusion zone 96 and the recerver exclusion zone 98. In an
exemplary embodiment, the mner surface 122 of the lower
portion 104 of the lower housing 84 intersects at least one of
the transmitter exclusion zone 96 and the receiver exclusion
zone 98. In an exemplary embodiment, the lower portion
104 of the lower housing 84 1ntersects both of the transmatter
exclusion zone 96 and the recerver exclusion zone 98. In an
exemplary embodiment, the mnner surface 122 of the lower
portion 104 of the lower housing 84 intersects both of the
transmitter exclusion zone 96 and the receiver exclusion
zone 98.

In an exemplary embodiment, the lower portion 104 of the
lower housing 84 1s generally opaque. In an exemplary
embodiment, the mner surface 122 of the lower portion 104
of the lower housing 84 i1s generally opaque. In an exem-
plary embodiment, the lower portion 104 of the lower
housing 84 i1s generally black colored. In an exemplary
embodiment, the mner surface 122 of the lower portion 104
of the lower housing 84 1s generally black colored. In an
exemplary embodiment, the lower housing 84 has a smooth
finish. In an exemplary embodiment, the inner surface 122
of the lower housing 84 has a smooth finish.

In an exemplary embodiment, for infrared (“IR”) light, a
light reflectance value (“LRV”’) of the lower portion 104 of
the lower housing 84 1s generally low. In an exemplary
embodiment, for IR light, the LRV of the inner surface 122
of the lower portion 104 of the lower housing 84 1s generally
low. In an exemplary embodiment, for IR light, the LRV of
the lower portion 104 of the lower housing 84 1s less than
approximately fifty percent (50%). In an exemplary embodi-
ment, for IR light, the LRV of the inner surface 122 of the
lower portion 104 of the lower housing 84 1s less than
approximately fifty percent (50%). In an exemplary embodi-
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ment, for IR light, the LRV of the lower portion 104 of the
lower housing 84 1s less than approximately forty percent
(40%). In an exemplary embodiment, for IR light, the LRV
of the inner surface 122 of the lower portion 104 of the lower
housing 84 1s less than approximately forty percent (40%).
In an exemplary embodiment, for IR light, the LRV of the
lower portion 104 of the lower housing 84 1s less than
approximately thirty percent (30%). In an exemplary
embodiment, for IR light, the LRV of the inner surface 122
of the lower portion 104 of the lower housing 84 is less than
approximately thirty percent (30%). As used herein, infrared
or IR light refers to light having a wavelength in the range
between approximately seven-hundred nanometers (700
nm) and one-thousand nanometers (1000 nm), inclusive.

In an exemplary embodiment, the lower housing 84 1s
approximately three inches (3 1n.) in length. However, one
of ordinary skill 1in the art will appreciate that the lower
housing 84 could be shorter or longer. In another exemplary
embodiment, the lower housing 84 i1s approximately two
inches (2 1n.) 1n length. In another exemplary embodiment,
the lower housing 84 1s approximately one inch (1 1n.) in
length.

In an exemplary embodiment, the lower housing 84 1s
made from a plastic. In an exemplary embodiment, the lower
housing 84 1s made from nylon 12.

The following includes definitions of exemplary terms
that may be used throughout the disclosure. Both singular
and plural forms of all terms fall within each meaning.

“Computer” or “processor,” as used herein includes, but
1s not limited to, one or more programmed or programmable
electronic device or coordinated devices that can store,
retrieve, or process data and may be any processing unit,
distributed processing configuration, or processor systems.
Examples of processor include microprocessors, microcon-
trollers, central processing units (CPUs), graphics process-
ing units (GPUs), tensor processing unit (TPU), tloating
point units (FPUs), reduced instruction set computing
(RISC) processors, digital signal processors (DSPs), field
programmable gate arrays (FPGAs), etc., in any combina-
tion. One or more cores of a single microprocessor and/or
multiple microprocessor each having one or more cores can
be used to perform the operation as being executed by a
processor herein. The processor can also be a processor
dedicated to the training of neural networks and other
artificial intelligence (Al) systems. The processor may be
associated with various other circuits that support operation
in the processor, such as random access memory (RAM),
read-only memory (ROM), programmable read-only
memory (PROM), erasable programmable read-only
memory (EPROM), clocks, decoders, memory controllers,
or 1terrupt controllers, etc. These support circuits may be
internal or external to the processor or its associated elec-
tronic packaging. The support circuits are in operative
communication with the processor. The support circuits are
not necessarily shown separate from the processor in block
diagrams or drawings.

“Network interface,” synonymous with “data interface,”
as used herein icludes, but 1s not limited to, any interface
or protocol for transmitting and receiving data between
clectronic devices. The network or data interface can refer to
a connection to a computer via a local network or through
the internet and can also refer to a connection to a portable
device—e.g., a mobile device or a USB thumb drive—via a
wired or wireless connection. A network interface can be
used to form networks of computers to facilitate distributed
and/or remote computing (1.e., cloud-based computing).
“Cloud-based computing” means computing that 1s 1mple-
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mented on a network of computing devices that are remotely
connected to the device via a network interface.

“Signal,” as used herein includes, but 1s not limited to, one
or more electric signals, including analog or digital signals,
one or more computer istructions, a bit or bit stream, or the
like.

“Logic,” synonymous with “circuit,” as used herein
includes but 1s not limited to hardware, firmware, software
and/or combinations of each to perform a function(s) or
action(s). For example, based on a desired application or
needs, logic may include a software-controlled micropro-
cessor, discrete logic such as an application specific inte-
grated circuit (ASIC), or other programmed logic device
and/or controller. Logic may also be fully embodied as
soltware. The logic tlow of an embodiment of the invention
could be embodied 1n logic.

“Software,” as used herein includes, but 1s not limited to,
one or more computer readable and/or executable 1nstruc-
tions that cause a computer, processor, logic, and/or other
clectronic device to perform Ifunctions, actions, and/or
behave 1n a desired manner. The instruments may be embod-
ied 1n various forms such as routines, algorithms, modules,
or programs including separate applications or code from
dynamically linked sources or libraries (DLLs). Software
may also be implemented i1n various forms such as a
stand-alone program, a web-based program, a function call,
a subroutine, a servlet, an application, an app, an applet (e.g.,
a Java applet), a plug-in, instructions stored 1in a memory,
part of an operating system, or other type of executable
instructions or mterpreted instructions from which execut-
able 1nstructions are created. The logic flow of an embodi-
ment of the invention could be embodied in software.

“Module” or “engine” as used herein will be appreciated
as comprising various configurations ol computer hardware
and/or software implemented to perform operations. In some
embodiments, modules or engines as described herein may
be represented as instructions operable to be executed by a
Processor 1n a processor or memory. In other embodiments,
modules or engines as described herein may be represented
as instructions read or executed from readable media. A
module or engine may operate in either hardware or soft-
ware according to application specific parameters or user
settings. It will be appreciated by those of skill in the art that
such configurations of hardware and software may vary, but
remain operable 1 substantially similar ways. The logic
flow of an embodiment of the invention could be embodied
in a module or engine.

“Data storage device,” as used herein includes, but 1s not
limited to, a device or devices for non-transitory storage of
code or data, e.g., a device with a non-transitory computer
readable medium. As used herein, “non-transitory computer
readable medium” mean any suitable non-transitory com-
puter readable medium for storing code or data, such as a
magnetic medium, e.g., fixed disks in external hard drives,
fixed disks in internal hard drives, and flexible disks; an
optical medium, e.g., CD disk, DVD disk; and other media,
¢.g., ROM, PROM, EPROM, EEPROM, flash PROM, exter-
nal memory drives, etc. The memory of an embodiment of
the invention could be embodied in a data storage device.

While the above exemplary definitions have been pro-
vided, 1t 1s intended that the broadest reasonable 1nterpreta-
tion consistent with this specification be used for these and
other terms. Aspects and implementations of the present
disclosure will be understood more fully from the detailed
description given above and from the accompanying draw-
ings ol the various aspects and implementations of the
disclosure. This should not be taken to limit the disclosure




US 12,092,506 B2

19

to the specific aspects or implementations, but 1s for expla-
nation and understanding only.

One of ordinary skill in the art will now appreciate that the
present invention provides a sump pump system, imncluding
a water level sensor shield. Although the present invention
has been shown and described with reference to particular
embodiments, equivalent alterations and modifications will
occur to those skilled in the art upon reading and under-
standing this specification. The present mvention includes
all such equivalent alterations and modifications and 1is
limited only by the scope of the following claims in light of
their full scope of equivalents.

What 1s claimed 1s:

1. A water level sensor assembly for a sump pump system

comprising:

a water level sensor, the water level sensor operable to
detect a level of water 1n a sump, the water level sensor
including a transmitter and a receiver, the transmitter
operable to emit light, the recerver operable to receive
light, the transmitter having a transmitter exclusion
zone extending from the transmitter, the receiver hav-
ing a recerver exclusion zone extending from the
recelver; and

a housing, the housing including an upper portion and a
lower portion, the upper portion operable to receive the
water level sensor, the lower portion having an upper
end and a lower end, the upper end including an upper
opening, the lower end including a lower opening, the
upper opening being smaller than the lower opening.

2. The water level sensor assembly of claim 1, wherein:

the lower portion of the housing has an inner surface; and
the mner surface tapers outwardly from the upper end to
the lower end.

3. The water level sensor assembly of claim 1, wherein:

the lower portion of the housing 1s generally frustoconical
shaped; and

an opening angle of the lower portion 1s between approxi-
mately one degree and twenty-five degrees, inclusive.

4. The water level sensor assembly of claim 1, wherein:

the lower portion of the housing 1s generally frustoconical
shaped; and

an opening angle of the lower portion 1s between approxi-
mately five degrees and twenty degrees, inclusive.

5. The water level sensor assembly of claim 1, wherein:

the lower portion of the housing 1s generally frustoconical
shaped; and

an opening angle of the lower portion 1s between approxi-
mately ten degrees and twenty degrees, inclusive.

6. A water level sensor assembly for a sump pump system

comprising;

a water level sensor, the water level sensor operable to
detect a level of water 1n a sump, the water level sensor
including a transmitter and a receiver, the transmitter
operable to emit light, the recerver operable to receive
light, the transmitter having a transmitter exclusion
zone extending from the transmitter, the recerver hav-
ing a receiver exclusion zone extending from the
recelver; and

a housing, the housing including an upper portion and a
lower portion, the upper portion operable to receive the
water level sensor, a seal, and a lens, the lower portion
having an upper end and a lower end, the upper end
including an upper opening, the lower end including a
lower opening, the upper opening being smaller than
the lower opening, the seal being operable to seat
against the upper end of the lower portion.
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7. The water level sensor assembly of claim 6, wherein:

the lower portion of the housing has an 1inner surface; and

the 1inner surface tapers outwardly from the upper end to
the lower end.

8. The water level sensor assembly of claim 6, wherein:

the lower portion of the housing i1s generally frustoconical
shaped; and

an opening angle of the lower portion 1s between approxi-
mately one degree and twenty-five degrees, inclusive.

9. The water level sensor assembly of claim 6, wherein:

the lower portion of the housing i1s generally frustoconical
shaped; and

an opening angle of the lower portion 1s between approxi-
mately five degrees and twenty degrees, inclusive.

10. The water level sensor assembly of claim 6, wherein:

the lower portion of the housing 1s generally frustoconical
shaped; and

an opening angle of the lower portion 1s between approxi-
mately ten degrees and twenty degrees, inclusive.

11. A water level sensor assembly for a sump pump

system comprising:

a water level sensor, the water level sensor operable to
detect a level of water 1n a sump, the water level sensor
including a transmitter and a receiver, the transmitter
operable to emit light, the recerver operable to receive
light, the transmitter having a transmitter exclusion
zone extending from the transmitter, the receiver hav-
ing a receiver exclusion zone extending from the
receiver; and

a housing, the housing including an upper portion and a
lower portion, the upper portion operable to receive the
water level sensor, the lower portion having an upper
end and a lower end, the upper end including an upper
opening, the lower end 1including a lower opening, the
upper opening being smaller than the lower opening,
the lower portion having an inner surface;

wherein the inner surface of the lower portion of the
housing intersects at least one of the transmitter exclu-
sion zone and the receiver exclusion zone.

12. The water level sensor assembly of claim 11, wherein:

the mner surface of the lower portion of the housing
intersects both of the transmitter exclusion zone and the
receiver exclusion zone.

13. The water level sensor assembly of claim 11, wherein:

the mner surface of the lower portion of the housing tapers
outwardly from the upper end to the lower end.

14. The water level sensor assembly of claim 11, wherein:

the lower portion of the housing i1s generally frustoconical
shaped; and

an opening angle of the lower portion 1s between approxi-
mately one degree and twenty-five degrees, inclusive.

15. The water level sensor assembly of claim 11, wherein:

the lower portion of the housing i1s generally frustoconical
shaped; and

an opening angle of the lower portion 1s between approxi-
mately five degrees and twenty degrees, inclusive.

16. The water level sensor assembly of claim 11, wherein:

the lower portion of the housing 1s generally frustoconical
shaped; and

an opening angle of the lower portion 1s between approxi-
mately ten degrees and twenty degrees, inclusive.

17. The water level sensor assembly of claim 11, wherein:

the mner surface of the lower portion of the housing is
generally opaque.

18. The water level sensor assembly of claim 11, wherein:

the mner surface of the lower portion of the housing is
generally black colored.
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19. The water level sensor assembly of claim 11, wherein:

the 1nner surface of the lower portion of the housing has
a smooth finish.

20. The water level sensor assembly of claim 11, wherein:

a light reflectance value of the mnner surface of the lower 5
portion of the housing 1s less than approximately fifty
percent.
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